Relaxation and backscattering of light ions of moderate energy ( < 1 keV) in solid walls are investigated applying the normal Boltzmann equation to a semi-infinite medium, thereby satisfying the exact boundary conditions at the wall surface. Since momentum and energy relax on different scales, Boltzmann's equation is solved in a two scale procedure, treating momentum and energy relaxation separately. Matching the two regions self-consistently yields the ion distribution function and with that macroscopic quantities, e.g. the range distribution and the spectral reflexion coefficient. The application of the method is demonstrated for a simple test model with constant nuclear scattering cross section and no electronic losses.
I. Introduction
In recent years, relaxation and backscattering of particles at solid walls attracted increasing interest. Beside the wide industrial application of ion implantation technique for surface coating or doping of semiconductors, the interaction of a hot plasma with the liner, the limiter -or divertor plates of a tokamak is an important problem of modern fusion technology. Within the context of tokamak physics, one is primarily interested in scattering of light ions of moderate energy (Eo ~ 1 keV).
Due to ion neutralisation, it raises serious difficulties to measure the spectral (energy-and angledependent) reflexion coefficient for ions in the energy regime E < 1 keV [1] [2] [3] .
Numerical simulation codes [4, 5] lack the deep physical insight of an analytical investigation of the problem.
Previous analytical approaches studying the problem start from the model of random binary collisions, e.g. [4] , to which they apply the so-called "backward Boltzmann equation" [6] [7] [8] [9] [10] . This equation requires an infinite homogeneous medium and therefore yields results only approximately correct for small reflexion coefficients. (Attempts to extend the results of the backward Boltzmann equation to include multiple crossing [10] suffer from the fact that they must assume the angular distribution for the reflected particles.) Moreover, the existing It follows from the preceding that present theories are not satisfactory for light ions due to the high values of the reflexion coefficient and the inability to describe the backscattering microscopically -a necessary requirement to formulate the boundary conditions for the plasma at the wall.
We therefore aim at developing a method to solve the unrestricted Boltzmann equation in a semi-infinite medium accounting correctly for the physically prescribed boundary conditions. This is a difficult task because of the strong anisotropy of the distribution function near the surface, varying strongly over one mean free path. Well-known methods in neutron transport theory [11] treat only the problem of momentum relaxation. Modified theories [12, 13] account for energy exchange, they however turn out to be unsuitable for describing the energy relaxation in a cold medium. Therefore we consider it the central task of our investigation to develop the solution of the Boltzmann equation accounting for energy relaxation and for momentum exchange selfconsistently. Our solution reduces the calculation of the complete distribution of the ions inside and in front of the wall to known numerical methods. For a simple test model even a complete analytical solution is derived.
II. The Basic Equation
On basis of the model of random binary collisions we start from the stationary force-free Boltz-0340-4811 / 81 / 0800-0802 5 01.00/0. -Please order a reprint rather than making your own copy. The electronic collisions are described by a Fokker-Planck collision operator. Here, we make use of the fact that in the energy range EQ < 1 keV the characteristic mean free path of electronic collisions is much greater than that for angular scattering. Therefore we can include electronic collisions consistently in our Lorentz approximation [15] . 
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To prepare the evaluation of this equation, we define the distribution function
and replace the velocity V by Mathematically, this provides the basis of an asymptotic two-scale theory. We develop this theory by neglecting terms of order s 2 . In the "inner" (momentum relaxation) region, we account for the complete anisotropy of the distribution function and neglect energy exchange. In the "outer" (energy relaxation) region we expand f(u,ju,x) in terms of Legendre polynomials. The results will be matched in a selfconsistent manner to yield a unified solution of the equation.
We may therewith distinguish four parts of our solution; a) solution of (10) (16) where the current distribution w (u) must be determined by the matching procedure of the momentum and the energy relaxation zone. The other expansion coefficients a (u) and A (u, v) are determined by the boundary condition at the surface x m = 0. We choose here the condition for a monoenergetic ion beam
Any arbitrary boundary condition may be constructed by linear superposition.
Methods of functional-analysis [11] yield the expansion coefficients a (u) = «i SQ(Vo)
d (u) + «2 w (u) and
The functions X(v), A + (v), A~{v) and k(v) are defined in [11] and listed in the appendix.
b) Energy Relaxation
To 
To determine F\(u, x e ) from (21) in a semi-infinite medium, we must prescribe an "initial" condition at u -0 and a "boundary" condition at x £ -0.
The initial condition is
Fl(u = 0, *«) = <>, 
which yields 
c) Matching of the Inner and Outer Solutions
In order to get a unique and uniformly valid solution, we must match the inner and outer solu-tions. This demands that the asymptotic expansions in e of the inner and outer solutions are identical up to the order e. Therefore we write (16) 
d) Reflexion Coefficients and Range Distribution
The reflexion coefficients can be evaluated from the limiting distribution (29). Defining the microscopic reflexion coefficient we get
From this, the "spectral" and "total" coefficients are found by integration:
and
Here, ub corresponds to a spherical surface binding energy.
To determine the range distribution we must evaluate the divergence of the ion current. In the random binary collision model all ions crossing a lower energy limit Ei are trapped in the solid. We thus get after some calculations
where ui corresponds to Ei.
IV. Results for a Simplified Testmodel
In our formulas ( pendent of the initial ion energy, and its relatively high value illustrates the fact that our test-model does not account for increasing cross section at low energies and for electronic losses.
The range distribution is shown in Figure 3 . We see a Gaussian shape with a maximum at a distance of Xg = 0(1) from the target surface. This is to be expected from the random walk picture of the ion motion in the medium. Deviations from the Gaussprofile near the surface x = 0 are due to the exact boundary conditions. The assumption of a linearly anisotropic scattering cross section is much less restrictive than one might expect, as can be seen from the following arguments: Within the Lorentz approximation, the energy exchange anyhow depends only on the isotropic and linearly anisotropic parts of the scattering cross section. So our description of the energy relaxation region and of the matching procedure is completely unaffected by this assumption. Only from the momentum relaxation region an effect might occur. One can show, however, that the part of the distribution function which is influenced by deviations from a linearly anisotropic cross section is damped out exponentially within the first mean free path. So the asymptotic form of the solution (see (15)) again is not influenced.
We have demonstrated the application of our procedure for a test model. In this special case the evaluation of (27) could be performed analytically. The results for the spectral resp. total reflexion coefficient and for the range distribution shown in Figs. 1-3 illustrate typical features of ion scattering at solid walls. Quantitatively there are still deviations from experimental results which can be explained by the special assumptions of the test model (see discussion in Section IV). Therefore our procedure should be applied to realistic cross sections including electronic energy losses. This requires a numerical solution of the coupling equation (27). The corresponding calculations are in progress.
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